We present a case of a 78-year-old male with hereditary haemorrhagic telangiectasia and severe hypoxia incorrectly diagnosed as pulmonary embolism following a false positive ventilation/perfusion scan. Anti-coagulation and thrombolysis was complicated by an upper gastro-intestinal haemorrhage. Pulmonary arteriovenous malformations resulted in a clinically significant right-left shunt and created an apparent perfusion defect evident upon radionuclide imaging, leading to diagnostic uncertainty and a potentially dangerous treatment modality.
The patient with suspected massive pulmonary embolism is frequently treated with thrombolytic therapy in the absence of contraindications, especially with corroborative radiological or nuclear imaging evidence of major pulmonary thromboembolism 1, 2 . The ventilation/perfusion (V . /Q . ) scan has been considered the first line screening modality in patients with suspected pulmonary embolism although this role is now challenged by advocates of helical CT scan [3] [4] [5] . The V . /Q . scan may be misleading in those with chronic lung disease or ventilation/ perfusion mismatch due to chest infection and needs to be interpreted in the context of other radiological investigations and the clinical likelihood for pulmonary embolism. The occurrence of a false positive scan is an unusual event 6 . Anti-coagulation and thrombolysis may be contraindicated in patients with arteriovenous malformations due to the risk of catastrophic bleeding.
Rendu-Osler-Weber syndrome or hereditary haemorrhagic telangiectasia (HHT) is associated with multiple arteriovenous of the mucocutaneous, cerebral and pulmonary vasculature. The presence of HHT with pulmonary arteriovenous malformations should be considered in patients with severe hypoxia due to right-left shunting and the presence of multiple telangiectasia. The possibility that severe hypoxia is not acute should be recognised in the patient with chronic airways disease who presents with non-respiratory symptoms. We report a case of suspected pulmonary embolism in a male patient with severe hypoxia and a positive V . /Q . scan who developed gastrointestinal bleeding following anticoagulation and thrombolysis.
CASE HISTORY
A 78-year-old male with a past history of hypertension was transferred from a regional hospital following an episode of pre-syncope with hypoxia and ventricular bigeminy. There had been no breathlessness, chest pain or palpitations. He was an ex-smoker with a history of diminishing exercise tolerance over a period of some months. His medications at the time of admission were perindopril and aspirin. Prior to transfer his heart rate was 66/min and blood pressure 113/62 mmHg with haemoglobin oxygen saturation by pulse oximetry (SpO 2 ) readings between 86% and 92% on 4 l/min O 2 via nasal prongs. On room air his PaO 2 was 57 mmHg, PaCO 2 30 mmHg and HCO 3 -19.5 mmol.l -1 . His serum urea and creatinine were elevated at 12.7 mmol.l -1 and 0.22 mmol.l -1 respectively. Upon arrival in the Emergency Department he was in no distress, lucid, able to speak in full sentences and had a respiratory rate of 20/minute. Physical examination was unremarkable; in particular chest auscultation was normal with no wheeze, crackles or bronchial breath sounds. There were no bruits and no heart murmurs. Abdominal examination was normal and there was no calf swelling or tenderness. Temperature was 37.0°C with a SpO 2 of 89% on *M.B.B.S. (UNSW), Anaesthetic Registrar. 6 l/min via face-mask. ECG demonstrated sinus rhythm with frequent ventricular ectopic beats but no signs of right heart strain. Arterial blood gases on room air showed a P a O 2 of 50 mmHg, rising to a maximum of 66 mmHg on high flow oxygen therapy. D-dimer levels were elevated at 0.33 mg.l -1 (normal <0.2) but cardiac enzymes and inflammatory markers were within normal limits. His plain chest radiograph ( Figure 1 ) showed hyperexpanded lung fields with discrete opacities in the left mid and lower lung zones which were later reported as possible cavitating lesions or pulmonary infarcts. The differential diagnosis included infective exacerbation of chronic airways disease, cardiac arrhythmia and pulmonary embolism. As the latter was considered most probable he was anticoagulated with enoxaparin at the initial therapeutic dose of 80 mg. A CT pulmonary angiogram was considered but in view of his elevated creatinine and the risks posed by IV contrast, a decision was made to proceed to V . /Q . scanning.
The V . /Q . scan ( Figure 2 ) was reported as high probability for pulmonary embolism involving two basal segments of the left lower lobe, so the anticoagulation was continued with the intention to commence warfarin therapy. A transthoracic echocardiogram showed essentially normal biventricular and valve function with no right ventricular pressure overload or intracardiac shunt seen. However, the patient's oxygenation continued to deteriorate requiring a fraction of inspired oxygen (F i O 2 ) of greater than 0.5 to gain a saturation of 88%.
A repeat V . /Q . scan was unchanged with no new perfusion defects. In the context of an apparent clinical deterioration despite escalating oxygen requirements, the patient was admitted to the Intensive Care Unit for a trial of continuous positive airway pressure (CPAP) therapy and high-flow oxygen. The anticoagulation was changed to intravenous heparin. An urgent CT pulmonary angiogram was arranged to assess the presence and extent of presumed thrombus as the creatinine level had dropped to 0.14 mmol.l -1 . He was intubated prior to scanning and subsequently the hypoxia worsened with a SpO 2 of 76%, PaO 2 of 40 mmHg and PaCO 2 of 40 mmHg despite 100% oxygen therapy and positive pressure ventilation. Hypotension ensued so thrombolysis was initiated with a 250 000 U bolus of streptokinase and 100 000 U/h infusion immediately prior to transporting the patient to the Radiology Department. The subsequent CT ( Figure 3 ) showed no evidence of PE but demonstrated three focal vascular lesions (with the appearance of tumours or pulmonary arteriovenous malformations), the largest arising directly from the proximal portion of the left main pulmonary artery and measuring 2.5 cm in diameter with the other lesions in the lingular segment of the left upper lobe and peripherally within the left mid-zone. Clot dissolution following thrombolytic therapy was considered a possible cause for the absence of thrombus.
Unfortunately the patient developed gastrointestinal bleeding as evidenced by fresh blood in the nasogastric drainage and bowel motions. The haemoglobin level dropped from 16 to 8 g/dl so the anticoagulation and thrombolysis were discontinued. Following review of the patient's imaging and the observation that oxygenation was not significantly different despite lowering the F i O 2 another explanation was sought. The large shunt and V . /Q . scan findings could be explained by the pulmonary arteriovenous malformations seen on CT pulmonary angiogram. On closer inspection, the patient was noted to have telangiectasia involving his oral mucous membranes, tongue, lips, nose and cheeks (Figure 4 ). The radiological and clinical findings thus suggested the diagnosis of HHT.
A trial of extubation was undertaken as the patient was alert, cooperative and able to generate sufficient tidal volumes. In the presence of pulmonary arteriovenous malformations it was considered that positive pressure ventilation was exacerbating his right-left shunt and hypoxia. Extubation was well tolerated and he denied any ongoing dyspnoea while on low-flow oxygen via nasal prongs. There was no family history of Rendu-Osler-Weber syndrome and there had been no prior formal respiratory investigations so we were unable to scrutinize his baseline pulmonary function.
The shunt fraction was calculated on repeat nuclear imaging to be at least 21%. The largest of the lower lobe arteriovenous malformations was thought to be amenable to embolization and arrangements were made for his transfer to another institution for the procedure. However, the patient declined any further treatment. On walking, his pulse oximetry readings were noted to fall from 88% to 71% on room air. It was considered that the patient's hypoxia was long-standing and that this presentation was unrelated to his underlying pulmonary pathology. On follow-up with his general practitioner he was said to be functioning at a level comparable to that prior to his admission and he repeatedly declined any thera-peutic intervention to reduce his intrapulmonary shunt. It was recommended that family members be screened for similar lesions in view of the likely diagnosis of HHT.
DISCUSSION
Pulmonary arteriovenous malformations are uncommon and 70% of these are associated with hereditary haemorrhagic telangiectasia, otherwise known as Rendu-Osler-Weber syndrome 7 . This is a congenital disorder with a dominant pattern of inheritance 8 . Although rare, prevalence rates have been reported as greater than one in 10,000 9 . Pulmonary arteriovenous malformations that may be present from birth do not generally become clinically significant until later in life, when they can enlarge with pregnancy or exposure to increasing vascular pressures as occurs with chronic airways disease. Individuals with hereditary haemorrhagic telangiectasia may present with epistaxis or gastrointestinal haemorrhage from the visceral lesions. Other less common complications include those associated with pulmonary arteriovenous malformations: paradoxical embolism with transient ischaemia, cerebrovascular accidents abscess, massive haemoptysis, haemothorax, and progressive hypoxia with respiratory failure. In this case study, a patient with likely hereditary haemorrhagic telangiectasia and associated pulmonary arteriovenous malformations was treated for severe hypoxia and hypotension in the setting of a highly probable pulmonary embolism on V . /Q . scan. The diagnosis was confounded by the use of thrombolysis prior to the pulmonary angiogram because of the possibility of clot lysis. Anticoagulation was ceased because of upper gastrointestinal bleeding. The finding of mucocutaneous telangiectasia in combination with the pulmonary angiogram evidence of pulmonary arteriovenous malformation suggested the diagnosis of Rendu-Osler-Weber syndrome. The false positive V . /Q . scan is explained by the failure of the 99m Tclabeled macro-aggregates of albumin to lodge in the capillary beds of the regions of vascular malformation due to the arteriovenous shunting. The nonpulmonary uptake of isotope was subsequently used to quantify the pulmonary shunt fraction. This degree of shunting was considered sufficient in a 78-year-old male with underlying airways disease to explain the profound hypoxaemia.
It appears likely that the hypoxia was chronic and that the nature of his presentation led to the misinterpretation of the initial V . /Q . scan. Once the diagnosis of pulmonary embolism was made, oxygenation continued to be a major challenge and hypotension ensued. Thrombolytic treatment was added to the anticoagulant therapy but was complicated by haemorrhage in an individual with multiple pulmonary and gastrointestinal sites of AV malformation. Interestingly, his saturations were noted to deteriorate substantially when lying in the left lateral position, demonstrating a phenomenon similar to orthodeoxia with presumably increasing shunt through the pulmonary AV malformation in the dependent portion of his chest. In addition, the application of positive pressure ventilation and positive end-expiratory pressure worsened his hypoxaemia, an observation made in a previous case report of pulmonary AV malformation 10 . The mechanism of increased alveolararterial (A-a) gradient in this instance is postulated to be increased pulmonary vascular resistance resulting in further right to left shunting. Lung volumes greater or less than normal functional residual capacity will increase pulmonary vascular resistance and divert more pulmonary blood flow through the pulmonary AV malformations.
Upon extubation and resumption of spontaneous ventilation, his oxygenation was acceptable on 2 l/min via nasal prongs and the patient felt no different from usual. The paucity of perceived symptoms no doubt contributed to his reluctance to accept definitive treatment of his pulmonary lesions. Intrapulmonary shunt fraction can be estimated by several methods. In this case, the ratio was determined by radionuclide fractioning of the total body uptake of isotope. The shunt fraction measurement by the 100% oxygen method (a version of the shunt equation) can also be utilized as discussed by Gossage and Kanj 7 . Using this method our patient had a calculated fraction of 26.8%. A shunt fraction of more than 5% is considered abnormal and may be worthy of further investigations and treatment 9 . In this instance, the patient may have derived major benefits from embolization of the largest of his AV malformations. His exercise tolerance could be expected to improve and he would have a reduced likelihood of the complications aforementioned such as cerebrovascular accident and brain abscess.
Additionally there is the issue of screening immediate family members 8, 11 . There is no consensus in the literature about the optimal method of screening for Rendu-Osler-Weber syndrome and pulmonary AV malformations but some form of screening is recommended. Genetic screening is hampered by the presence of varying mutations of at least two gene loci: endoglin on chromosome 9 and ALK-1 (activin receptor-like kinase 1) on chromosome 12, which code for endothelial cell membrane receptor com-ponents, the complexities of which are detailed elsewhere 8, 9 . Investigations for pulmonary AV malformations in those families with proven or likely hereditary haemorrhagic telangiectasia include plain chest radiography, arterial blood gas analysis, contrast transthoracic echocardiography with agitated saline, shunt estimate with either the 100% oxygen method or radionuclide perfusion lung scanning, CT pulmonary angiogram, MRI/MRA and pulmonary angiography, which is considered the gold standard 7 . Individuals with demonstrable pulmonary AV malformations should be given prophylactic antibiotics prior to dental or surgical procedures, even following embolization of the lesions as there is often evidence of residual shunt 11 .
This case illustrates the risk of misinterpreting a V . /Q . scan with unmatched perfusion defects in a patient with haemorrhagic telangiectasia. To our knowledge this is the first reported case of a false positive V . /Q . scan for suspected pulmonary embolism in an individual with pulmonary AV malformations. Despite initial clinical and scintigraphic features suggestive of pulmonary embolism, the diagnosis of Rendu-Osler-Weber syndrome with pulmonary AV malformations was ultimately made from physical examination and CT pulmonary angiogram. The combination of resistant hypoxaemia in the setting of normal cardiac echocardiography and clear chest X-ray (or chest X-ray with discrete nodular opacities) should raise the possibility of intrapulmonary shunting. Although rare, the diagnosis of hereditary haemorrhagic telangiectasia and the presence of pulmonary AV malformations should be considered in the patient with evidence of pulmonary shunt, particularly if mucocutaneous telangiectasia are present. Our case also highlights the problems of thrombolysis and anticoagulation for the treatment of thromboembolism, especially in the presence of pulmonary AV malformations. In the absence of profound cardiovascular compromise with such patients, anticoagulation and thrombolysis is a potentially high risk therapy.
